The phylogenetic position of Sporosarcina ureae was reexamined by "comparative cataloging" of its 16s ribosomal ribonucleic acid. The data were analyzed in the context of similar information for Micrococcus luteus (Sarcina lutea), Bacillus pasteurii, B . subtilis, and B . stearothermophilus. It is concluded that S. ureae is best classified as a member of the genus Bacillus in the same subgroup as is B . pasteurii.
.
The taxonomic position of Sporosarcina ureae has been historically controversial: in the seventh edition of Bergey's Manual (21, it is assigned to the genus Sarcina in the family Micrococcaceae, whereas in the most recent edition it is placed in the family Bacillaceae (3). The controversy originates from the fact that the vegetative cells of S. ureae resemble those of species in the genus Micrococcus in their shape, cell wall composition, and mode of division, but produce endospores (5) and possess a deoxyribonucleic acid (DNA) having a guanine plus cytosine content typical of that of the family Bacillaceae (1) . Detailed study of these spores (6, 9, 14, 16) has shown that their size, shape, chemical composition, heat resistance, ultrastructure, and germination properties resemble those of Bacillus spores. Biochemically, S . ureae resembles species of the genus Bacillus, especially B . pasteurii (10). Jensen and Stenmark (71, characterizing the control of the 3-deoxy-D-arabino heptulosonate 7-phosphate synthetase, showed unequivocally that the control in S . ureae resembles that in the genus BacilZus but not in the genus Micrococcus. In addition, nucleic acid hybridization studies using ribonucleic acid (RNA) from S . ureae and DNA from various bacterial sources indicate that S . ureae is more closely related to the family Bacillaceae than to the family Micrococcaceae (8) .
In the present study, comparative oligonucleotide cataloging of 16s ribosomal RNA (rRNA) is used to examine the phylogenetic position of S. ureae. The results indicate unequivocally that S. ureae is closely related to the genus Bacillus. In particular, S . ureae is found to be more closely related to B . pasteurii than are other species of the genus Bacillus examined to date. Hence, s. ureae is probably best regarded as a member of the subgroup of the genus Bacillus which contains B . pasteurii rather than as a separate genus within the family Bacillaceae . Labeled 16s rRNA was characterized in terms of its oligonucleotide fingerprint a s described previously (13, 17). Basically, this procedure is as follows. A fraction of "2P-labeled 1 6 s rRNA is digested with T1 ribonuclease, and the resulting products are separated by two-dimensional paper electrophoresis. Oligonucleotide spots on the resulting electrophoretogram (whose sequences are not obvious from their positions) are then sequenced, by a combination of "secondary" and "tertiary" enzymatic procedures, producing a sufficient variety of overlapping digestion products in each case to permit the deduction of sequence (17, 18). Table 1 presents the 16s rRNA oligonucleotide catalogs for the three organisms M. luteus, S. ureae, and B . pasteurii. The presence or absence of these oligonucleotides in the 16s rRNA of B . subtilis and B . stearothermophilus (18) is also indicated to provide additional perspective. Only oligonucleotides (pentamer and larger) are listed, since the smaller ones, which tend to occur in multiple copies, have no significance here (12) . Where this number is somewhat uncertain, a range, e.g., 1-2, etc., is given. For B . subtilis and B .
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stearotherrnophilus, whose complete catalogs are not given herein, + and ++ denote the presence of one copy and two copies, respectively, of a given oligonucleotide in that organism; -denotes its absence. The complete catalogs for these two organisms are given elsewhere (18) .
* The absence of the given oligonucleotide is likely but not totally certain.
'' The presence of the given oligonucleotide is likely but not totally certain. This oligonucleotide occurs in B . pasteurii; however, the initial C, i.e., UCAA. . . , is post-transcriptionally modified in that case; see below. f' The sequence of the given oligonucleotide is likely but not totally certain.
A post-transcriptionally modified base is indicated by a superscript dot.
DISCUSSION
A number of points are apparent in the data. The M . luteus catalog has relatively few sequences in common with the other catalogs. In particular, there is no specific resemblance between it and the S. ureae catalog. On the other hand, S. ureae clearly manifests a Bacillus "signature." All but one of the sequences (hexamer and larger) common to the three catalogs of bona fide species of the genus Bacillus are found in the S. ureae catalog. S . ureae belongs, therefore, within the family Bacillaceae -a conclusion consistent with the previous evidence reclassifying it therein.
The present method, however, permits a more detailed classification of S. ureae . Table 2 shows clearly that S. ureae and B . pasteurii more closely resemble one another than either resembles the other species of the genus Bacillus. The number of sequences (hexamer and larger) common to this pair of organisms is 53, whereas the various pairings of the other Bacillus species yield 41 to 49 such coincidences. Moreover, S. ureae and B . pasteurii have five coincident sequences that are unique to that pairing ( Table 2) . No other pairing of the organisms described herein produces more than two such unique coincidences. Thus, it is necessary either to include S. ureae in the genus Bacillus or to exclude B . pasteurii from it. The latter alternative is unreasonable in that B . pasteurii appears at least as closely related to B . subtilis as is B . stearothermophilus. We conclude, therefore, that the classification of S. ureae as a separate genus within the family Bacillaceae is no longer phylogenetically justifiable. Instead, it is reasonable to classify S. ureae in the subgroup of the genus Bacillus that contains B . pasteurii.
